receptors in the gastric parietal cells. It has antitumor and anti cancer properties because of its antiangiogenesis and antiadhe sion effects and its ability to inhibit tumor cell propagation and metastasis. It also has a hepatoprotective effect against hepatotoxins as isoniazide and rifampicin [2] .
Introduction
Cimetidine in commonly prescribed as H 2 receptor antagonists for decreasing gastric acidity in cases of peptic ulcer and gastroesophageal reflux [1] . It acts by competing for H 2 Testosterone is converted into estrogen in the seminiferous epithelium. This process is mediated by cytochrome P450 enzyme, which presents in both Sertoli and Leydig cells [4, 5] . Two receptors mediate the action of estrogen on the reproductive system: estrogen receptor α (ERα) and estrogen receptor β (ERβ), of which, ERβ is more prevalent in the testis [6, 7] . In experimental animals, cimetidine was found to decrease the weight of the testis and seminal vesicles and reduces the serum level of testosterone and follicle-stimulating hormone (FSH) , and this effect is manifested by oligospermia, impotence, and loss of libido [4, 8] .
Another substantial adverse effect of the long-term and high dose treatment of cimetidine is the inhibition of vitamin B12 absorption as it requires acidic medium to be absorbed, which causes vitamin B12 deficiency [9, 10] . In our bodies, vitamin B12 is essential in cell division as it stimulates DNA synthesis [9] . The testis, being one of the active tissues in mitosis is mainly affected by its deficiency [11, 12] . Experimentally, vitamin B12 deficiency caused the decreased weight of the testis with atrophy of the seminiferous tubules and aplasia of the sperms and spermatids [3, 13] .
Supplementation of vitamin B12 was reported to improve spermatogenesis in patients suffering oligospermia and to recover testicular tissues after intoxication [14] . In rodents, vitamin B12 protects against testicular damage caused by cimetidine [3, 12] . It has been suggested that besides the antiandrogenic effect of cimetidine, other nutritional disorders caused by it has an impact on the testis.
In the present study, we propose to investigate the histopathological, ultrastructural changes in the seminiferous tubules of cimetidine treated rats focusing on Sertoli cell changes and morphometric measurements of the seminiferous epithelium. The effect of vitamin B12 administration with cimetidine will be evaluated and the immunoexpression of estrogen receptors (ERβ) in the testicular section will be studied and compared among all groups.
Materials and Methods

Animal and treatment
Twenty-four adult male and six adult female SpragueDawley rats (200-250 g) were used in the present study. Animals were housed at the animal care facility of Mansoura Experimental Research Center at Mansoura Faculty of Medicine. All protocols were followed as per the guidelines for the Care and Use of Laboratory Animals; Mansoura Faculty of Medicine-Institutional Research Board (MFM-IRB) approved the study. The males were divided into four groups (six animals each) in addition to the female group; the control group (group I), the cimetidine group (group II), the vitamin B12 group (group III) and the combined cimetidine and Vitamin B12 group (group IV). Groups II and IV animals received 50 mg cimetidine per kg body weight (Tagamet, SmithKline Beecham, London, UK) in an aqueous solution intraperitoneally daily for 52 days (the period of rat spermatogenic cycle) [4] . Group I animals received saline intraperitoneally for 52 days. Groups III and IV animals received 3 μg of vitamin B 12-hydroxocobalamin (Rubranova, 5,000 μg; Bristol-Myers Squibb) in the same aqueous solution with cimetidine for 52 days [3] .
Experimental design
At the assigned time, the animals were fasted overnight and anesthetized with diethyl ether. After sacrifice, the right and left testes were separated from the adjacent epididymis and removed from the animal body. The testes were sectioned transversally, and specimens from the middle part of the testis were divided into two parts: one for the light microscopy and the other for electron microscopy. The uteri of the female rats were removed and sliced.
For light microscopy, the sections were immediately fixed in freshly prepared 10% neutral formaldehyde. Then, specimens were dehydrated in ascending grades of alcohol and embedded in paraffin and sectioned at 6 μm thickness and stained with hematoxylin and eosin (H&E). The uteri of the female rats were removed, sectioned and fixed in neutral formalin and embedded in paraffin to be used as positive control for the immunohistochemistry.
Immunohistochemistry for ERβ
The testicular and the positive control uterine sections were hydrated and maintained for 20 minutes at 90°C in citrate buffer (0.001 M, pH 6.0) to activate the antigen. For activation of the endogenous peroxide, the sections were immersed in 3% hydrogen peroxide for 10 minutes and washed in Tris-HCl 0.05 M; pH 7.5 buffer (TBS). For 14 hours, the sections were incubated with primary antibodies (rabbit polyclonal IgG anti-rat ERβ, Upstate Cell Signaling Solutions, Lake Placid, NY, USA), 1:200, diluted in TBS and 5% bovine serum albumin, at 4°C, then washed in TBS and incubated in solution containing biotinylated anti-rabbit antibodies (LSABplus kit, Dako Corporation, Carpinteria, CA, USA) for 30 minutes at room temperature, washed in TBS and incubated with streptavidin-peroxidase complex (LSAB-plus kit, Dako) for 15 minutes at room temperature, washed again in TBS and the reaction was exposed with 0,06% 3.3'-diaminobenzidine tetrahydrochloride (Sigma-Aldrich Chemical Co., St. Louis, MO, USA). Finally, sections were counterstained with hematoxylin, dehydrated and mounted in resin. To be sure that the immunoreaction could not have resulted from unspecific staining, testicular sections from the control group (group I), used as negative controls, were performed following the same protocol, except that the incubation in the primary antibody was replaced by incubation in non-immune serum [15] .
For electron microscopy (EM), testicular sections were cut into small pieces and fixed in 4% glutaraldehyde in a phosphate buffer (pH 7.2) for 2-4 hours and post-fixed in 1% osmium tetraoxide. The samples were dehydrated and embedded in Spurr resin embedding medium. Semithin and ultrathin sections were obtained. Semithin sections were stained with toluidine blue. The ultrathin sections were mounted on copper grids and stained with uranyl acetate and lead citrate and observed with a Jeol 100 S transmission electron microscope (Jeol, Boston, USA) at Mansoura University, Egypt.
For morphometric assessment of seminiferous tubules, H&E slides were studied at 200× magnification and photographed using Olympus DP70 digital camera (Olympus Europe, Hamburg, Germany) attached to a light microscope (BX-51, Olympus) and Image Analyzer (Leica Q-Win standard, digital camera CH-9435 DFC 290, Wetzlar, Germany). In three non-serial sections, only the cross-sectioned seminiferous tubules with defined luminal border were studied. The shortest diameter, the total tubular area, the area of seminiferous epithelium and the luminal area of 20 tubules from each section with a total of 60 tubules per animal were considered for measurement.
The thickness of the basement membrane was subjectively graded (with the control taken as normal range); examination of the ultrathin sections as follows: grade 0, normal; grade 1, 25%-50% with diffuse fractionation; grade 2, 50%-75% with mild focal fractionation; and grade 3, >75% increase with diffuse fractionation [16] .
For evaluation of the immunoreactivity, four non-serial testicular sections per animal from each group were estimated according to the intensity of ERβ immunolabeling. In each section, the ERβ-positive cells in six seminiferous tubules per section were analyzed according to the intensity of the ERβ immunoreactivity and scored as weak (+), moderate (++), or strong (+++) [17] .
Statistical analysis
The morphometric measurements were reported as mean± standard deviation (SD). Instat-3 computer program (v2.04, GraphPad Software Inc., San Diego, CA, USA) was used to analyze the numbers and to evaluate the significant differences; the comparison of means between each two experimental groups was made using one-way ANOVA with posthoc Tukey honest significant difference test. The differences were considered significant if P<0.05.
Results
Morphometric analysis
The means of the shortest diameter, the total tubular area, the area of seminiferous epithelium and the luminal area of the four groups are shown in the following Table 1 and Fig. 1 . The shortest diameters of the seminiferous tubules were similar in the control group and group III. No statistical difference was observed between the two groups. A significant increase in the tubular diameter was observed in groups II and IV compared to the other groups.
The total tubular area and the area of the seminiferous epithelium in groups I and III were also close to each other with significant difference compared to rats received cimetidine in groups II and IV.
No significant change in the luminal area was observed in group III in comparison to the control group. A significant increase in the luminal area of group IV compared to group III was noted. Also, a significant increase in group III compared to group II was detected ( Table 1 , Fig. 1 ). 
Basement membrane thickness
Ultrastructural analysis of the basement membrane of the seminiferous epithelium showed an increase in the thickness score of cimetidine-treated group (group II) and the cimetidine and vitamin B12 treated group (group IV) (grade 2/3 and 2 respectively) compared to the control and vitamin B12 only treated groups (grade 0 in both groups). The membrane appeared wavier, irregular with more deposition of collagen fibers compared to the control group. 
Evaluation of the immunoreactivity
The control group showed mild degree of immunoreactivity for ERβ in all layers of the germinal epithelium compared to the cimetidine-treated group (group II) which had a moderate to strong degree of reactivity. The third group had a mild degree of immune staining representation. The fourth group showed moderate degree of staining (Table 2) .
Light microscopic examination
Light microscopic examination of H&E sections of the testes of the control group revealed the normal testicular architecture with normal seminiferous tubular and germ cell layers and regular basement membrane. The stratified germinal epithelium is formed of different types of spermatogenic cells; spermatogonia, primary spermatocytes, spermatids, sperms, and Sertoli cells ( Fig. 2A, B) .
Group II (cimetidine-treated group) showed marked seminiferous tubular atrophy with epithelial disorganization and reduction in the thickness of the germinal epithelium (Fig.  2C) . Most of the spermatocytes appeared with darkly stained pyknotic nuclei. Many vacuoles of variable sizes are noticed within the germinal epithelium. Severely affected tubules are lined by very few degenerating germinal epithelium and relatively wide empty lumina. The basement membrane is irregular with widened interstitial spaces containing congested blood vessels (Fig. 2D) . Areas of loss of germ cells were also observed. Some detached germ cells were filling the tubular lumen. The Sertoli cells showed dislocation of the nuclei, which were irregular in shape and darkly stained with hematoxylin. Most nuclei were displaced away from the basement membrane (Fig. 2D) . Groups III (vitamin B12 treated group) and IV (cimetidine and vitamin B12 treated group) showed nearly normal histological structure of the seminiferous tubules and spermato- Anat Cell Biol 2018;51:52-61 57
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Immunohistochemistry for detection of ERβ
The positive control uterine sections revealed positive immunoreactivity in all layers of the uterus including the epithelium, endometrial glands and muscle tissue (Fig. 3A, B) .
Testicular sections of control rats (group I) showed an evident cytoplasmic immunostaining for estrogen receptors (ERβ) which was observed in all layers of the germinal epithelium including the germ cells of the basal compartment (spermatogonia), primary spermatocytes and spermatids. An accentuated staining is observed in the elongating spermatids (Fig. 3C) .
Although the germinal epithelium of group II rats showed evident vacuolations and disturbed pattern, the immunoreactivity was similar to control group. A strong immunostaining was observed in the detached germ cells filling the tubular lumen. The nuclei and cytoplasm of the spermatids and cytoplasm of the primary spermatocytes and germ cells of the basal compartment also showed also a strong immunopositivity. Some apoptotic cells with peripheral condensed chromatin were even positive to the immunoreactions (Fig. 3D) .
Immunoreactivity of the testicular sections of rats treated with vitamin B12 (group III) rats was very close to that of the control group.
ERβ immunostaining in testicular sections of cimetidine and vitamin B12 treated rats (group IV) rats showed Sertoli cell vacuolations with variable degrees of cellular detachment in the tubular lumen. The detached cells showed positive immunoreactivity. The spermatids and primary spermatocytes' cytoplasm and nuclei were also immunopositive. Apoptotic cells with positive immunoreactions were less presented. The seminiferous tubules with maximal degree of destruction had strong immunoreactivity in the basal portion of their lining germ cells (Fig. 3E) .
EM examination
EM examination of the seminiferous tubules of the control group (group I) showed the Sertoli cells resting directly on the basement membrane. The apical part of its cytoplasm is extending from the basal lamina to the lumen of the seminiferous tubule and envelopes the adjacent germinal elements. The nucleus is oval shaped, situated close to the basement membrane and has an unfolded and sometimes has a very irregular shape; the nucleoplasm is homogenous with prominent nucleoli. The myoid cells appeared with delicate cytoplasm, and spindle-shaped nuclei lining the wall of the seminiferous tubules (Fig. 4A, B) .
Group II rats (treated with cimetidine) showed massive changes in the Sertoli cells (Fig. 4C) . The oval shape of the nuclei changed to be irregular. Most cells had basal vacuolations in the cytoplasm. Their nuclei lost their homogenesity. Lipid droplets were enlarged and widely distributed. The thickness of the basement membrane is increased (Fig. 4C) . Remarkable vacuolations were seen in the cytoplasm of the cells especially in the basal between the nuclei and the basement membrane. Cytoplasmic fragments of the Sertoli cells were observed inbetween the germ cells near the lumen of the tubules with dark intercellular fragments and vacuolations.
Features of focal areas of spermatogenesis arrest at the spermatid level with degenerative changes in the germinal cells in the form of vacuolated cytoplasm and swollen mitochondria and thick, irregular tubular basement membrane (Fig. 4D) .
EM examination of the seminiferous tubules of group III (vitamin B12 treated group) showed the same appearance of the Sertoli cells and germinal elements as in the control group. No marked changes had been noticed in the cells of this group (Fig. 4E) .
In group IV, EM examination of the seminiferous tubules revealed cellular alteration of cells than those in the control groups. The Sertoli cells showed less extensive changes. Their nuclei kept homogenesity. The cytoplasmic organelles appeared less affected (Fig. 4F ). Spermatogonia and primary spermatocytes are less affected, and the cytoplasm of both cells is more or less electron dense, the mitochondria are swollen and vacuolated, the chromatin particles clump periphery at nuclear membrane, the endoplasmic reticulum became vascular rather than tubular, and the basement membrane of the seminiferous tubules were more thickened with fibrous connective tissue than in control groups (Fig. 4G) .
Discussion
In the present study, 50 mg/kg of cimetidine in a daily dose for 52 days (group II) induced tubular cellular changes in the form of reduction in the thickness of the germinal epithelium, widening of the tubular cavities and apoptosis of the spermatocytes. The basement membrane was irregular with widened interstitial spaces containing congested blood vessels. Areas of loss of germ cells were also observed. Some detached germ cells were filling the tubular lumen. These changes were confirmed by the morphometrical analysis, which showed a significant increase in the shortest diameter of the tubules with significant decrease in the tubular luminal area and the epithelial areas. On the other hand, the luminal area was not significantly increased. The net result was alteration of the tubular shape and outline. Same results were reported by many authors [3, 4, 18, 19] . Beltrame et al. [3] , reported a nonsignificant reduction in the luminal area and they explained this by the shrinkage of the tubular wall after loss of the germ cells. The Sertoli cells nuclei of the seminiferous tubules of this group were irregular in shape with their nuclei displaced away from the basement membrane. Previous studies reported a reduction in the number of these cells together with these changes [19, 20] . Studies proofed that drugs affecting germ cells without affection of the Sertoli cells produced an increase in the tubular lumen with maintained tubular outline [3, 19] , while drugs affect both Sertoli cells and germ cells produced irregular tubular outline [21] . This was explained by the fact that Sertoli cells are attached to the basement membrane by hemidesmosomes and the plasma membrane of the neighboring Sertoli cells by tight junctions and to the germ cells by several molecules that maintain Sertoli cell germ cell interaction [22] . Our study showed change in the tubular outline with increased tubular luminal area because cimetidine affects both Sertoli cells and germ cells.
Ultrastructural examination of testicular tissue of cimetidine-treated rats showed apparent changes in the Sertoli cells affecting mitochondria and other cellular organelles. These structural changes reflect functional abnormalities of the cells [23] . Sertoli cells were responsible for control of the normal functions of the testis and supported all stages of spermatogenesis [23] . Sertoli cells produce lactate from glucose under the effect of FSH. Any change in Sertoli cells function is expected to affect all functions of the testis. Sertoli cells func-Anat Cell Biol 2018;51:52-61 59
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Our study revealed an increase in the thickness of the tubular basement membrane of cimetidine-treated rats; increased collagen contents explained this in the tubular wall caused by increased activity of the peritubular fibroblasts with subsequent fibrosis [25] .
The testicular section of the rats treated with vitamin B12 (group III) alone showed almost no abnormality in both light microscopic and ultrastructural levels. Morphometrical measurements and ultrastructural examinations of this group showed nearly the same measurements of the controls.
The seminiferous tubules of the rats treated with cimetidine and supplemented with vitamin B12 (group IV) showed normal epithelial histoarchitecture and both tubular and epithelial areas were similar to those of the control group, and vitamin B12 treated group (groups I and III). However, some intercellular vacuolations with widened interstitium and some sloughed germ cells were seen in the tubular lumen.
The morphometrical evaluation of the group showed evident significant widening of the seminiferous tubules with increased tubular and epithelial areas compared with the control group. The luminal area was also significantly increased compared to the controls but decreased than the cimetidinetreated group. The basement membrane showed still apparent thickening. Ultrastructural examination of this group revealed mild changes in the Sertoli cells. Their nuclei appeared homogenous with vacuolated cytoplasm and almost normal cellular organelles. Some lipid droplets were seen in the cytoplasm.
Vacuolations suggest possible phagocytosis which is known event usually affects apoptosis [20] . These changes can be explained by healing of the testicular tissue, which is not yet complete, maybe because of the need for longer duration. The increased lipid contents of the cells can be explained by a re duc tion in steroid biosynthesis caused by a decrease in level of testicular steroids. Similar condition followed diabetes induc tion in experimental animals [23] .
Our study revealed immune staining of the ERβ receptors in all layers of the germinal epithelium of the control rats. The cellular ERβ immunoreactivity was observed in spermatogonia, primary spermatocytes, and spermatid. Same findings were reported [4, 15, 26] . Higher magnification examination detected the immune staining in the cytoplasm of the target cells. ERβ receptors are nuclear, yet its localization in the cytoplasm has been demonstrated [27] , also studies reported its presence in the mitochondria [28, 29] . Other studies reported the controversial presence of these receptors [4] . However, in accordance with our study, the cytoplasmic presence of these receptors are more frequent [4, 30] .
A stronger immunostaining was detected in the germinal epithelium of the damaged tubules of the cimetidine-treated group (group II) with stronger cytoplasmic immune staining in the spermatogonia, primary spermatocytes and spermatids, the detached cells and the apoptotic cells. A possible explanation of the increased immunostaining in this group is increased affinity of the estrogen receptors (ERβ) in the cells due to a decrease in the intertubular hormone level caused by cimetidine.
The presence of the receptors in the round and elongated spermatids is related to the normal development of it [31] . This finding confirmed the important role of estrogen in maturation of the spermatids. The degree of immunoexpression of the cells was proofed to be caused by the variable degrees of affinities of the antibodies by the amino acid sequence [32] . The presence of immunoreactivity in the flagella and the residual bodies had also been reported [15] . This fact was explained by the presence of the aromatase enzyme; the enzyme which converts testosterone to estrogen, in the flagella and residual bodies.
Studies on estrogen receptors indicated a role of this hormone in down-regulation of the estrogen receptors [33] . Estrogen has a feedback control over FSH. The increased FSH, impaired Sertoli cells function and the possible intratubular estrogen deficiency caused by cimetidine can explain the increased presentation of ERβ indicated by increased immunoexpression in cimetidine-treated animals (groups II and IV). Immunoreactivity of the testicular sections of rats treated with vitamin B12 (group III) rats was very close to that of the control group.
ER immunostaining in testicular sections of treated rats with cimetidine and vitamin B12 (group IV) showed Sertoli cell vacuolations with variable degrees of cellular detachment in the tubular lumen. The detached cells showed positive immunoreactivity. The spermatids and primary spermatocytes' cytoplasm and nuclei were also immunopositive. [19] . A proposed role of ERβ in the process of germ cell apoptosis had been postulated [19] .
In the present study, it has been demonstrated that Sertoli cells are structurally affected by cimetidine, leading to Sertoli cell death and significant reduction in its number. It is known that Sertoli cells and germ cells can convert testosterone into estrogen via aromatase enzyme [34] . This conversion of testosterone into estrogen by aromatase enzyme in the damaged tubules by cimetidine is probably affected by Sertoli cell death. The co-presence of ERβ with aromatase in the same portion of the spermatids support the fact that spermiogenesis is an estrogen-dependent process [4] .
A suggested interference possibility of cimetidine in androgenization was reported [35] . It was also demonstrated to have a toxic effect on the peritubular tissue [36] . Cimetidine was even proofed to affect the Sertoli cells-basement membrane interface [19] . It also caused reduction in the number of these cells due to cell death by apoptosis [19] . Sertoli cells and the germ cells convert testosterone into estrogen by aromatase enzyme [37] . The effect cimetidine on these cells adds to its antiandrogenic effect.
Vitamin B12 is essential for the maintenance of the testicular function [3] . Independently of the mechanism of action of cimetidine on the seminiferous tubules, vitamin B12 supplementation exerts beneficial effect on the cells stimulating spermatogenesis. With cimetidine treatment, this protective effect is more evident as evidenced by histopathological, ultrastructural and immunostaining studies.
The present study illustrated the histopathological and the ultra-structural changes mediated by cimetidine on the testicular tissues and on spermatogenesis. These changes are caused by the interference of cimetidine with the hormonal control of spermatogenesis as evidenced by affecting the ERβ receptors. The protective effect of vitamin B12 was reported.
